During liver fibrosis, hepatic stellate cells (HSC) undergo a complex activation process characterized by increased proliferation and extracellular matrix (ECM) deposition, which is the major pathological feature of hepatic cirrhosis [1a,1b] . Therefore, anti-fibrotic agents targeting HSC activation have been proposed as a therapeutic target against hepatic fibrosis [1c,2] .
The fruits of Garcinia mangostana L. (Clusiaceae), also known as mangosteen, have been used for the treatment of diarrhea, inflammation and ulcers [3] . In addition, xanthone derivatives, major constituents of mangosteen, have been reported to be associated with diverse biological activities, such as antibacterial, antifungal, antioxidant and cytotoxic [3,4a,4b] . In our research for antifibrotic compounds from natural resources, the CHCl 3 soluble fraction of G. mangostana fruits showed antiproliferative activity against HSCs ((87.2% inhibition at 100 μg/mL, p<0.001), as assessed by the MTT assay employing HSC-T6 cells as an in vitro assay system. From the CHCl 3 soluble fraction of G. mangostana, six compounds (Figure 1 ) were isolated and identified as αmangostin (1), γ-mangostin (2), gartanin (3), deoxygartanin (4), 1-isomangstanin (5) and garcinone E (6) by direct comparison [4b,5a,5b] . Compounds 1 and 2 showed the most potent activity, but all the other compounds also significantly reduced the viability of HSC-T6 cells ( Figure  2 ). In addition, the inhibitory activities of compounds 1 and 2 were time-and dose-dependent ( Figure 3 ). Because compound 1 is a major constituent, we investigated its antifibrotic activity by studying its effect on collagen production in activated HSC-T6 cells using a Sircol dye assay. As shown in Figure 4 , increased collagen content in activated HSC-T6 cells was effectively reduced by treatment with compound 1. HSC activation was mainly characterized as increased cell proliferation and excessive collagen deposition. Decreased cell viability and suppression of HSC activation can generally be achieved by two pathways, inhibition of cell proliferation and induction of cell death [6a] . Induction of cell death usually can be divided into necrosis and apoptosis. Treatment with compounds 1 and 2 induced morphological change, including cell membrane damage similar to necrosis (data not shown). In addition, LDH release into the medium increased by up to 68% and 62% of the cell lysis control by treatment with compounds 1 and 2, respectively. Therefore, we supposed that compounds 1 and 2 decreased cell viability mainly by cytotoxicity. Taken together, the CHCl 3 soluble fraction of G. mangostana fruits and its 1268 Natural Product Communications Vol. 6 (9) 2011
Chin et al. isolated constituents (1-6) exerted antifibrotic activity by inhibition of cell viability and reduction of collagen content in HSC-T6 cells.
Experimental

Extraction and isolation:
The fruit powder of G. mangostana (400 g) was extracted with MeOH. The dried extract (80 g) was suspended in H 2 O and partitioned successively with CHCl 3 , EtOAc and n-BuOH. Further separation of the CHCl 3 soluble fraction (1.6 g) resulted in the isolation of α-mangostin (1, 30.4 mg), γ-mangostin (2, 4.8 mg), gartanin (3, 3.2 mg), deoxygartanin (4, 5.2 mg), 1-isomangstanin (5, 2.4 mg) and garcinone E (6, 1.9 mg), as previously reported [6b,6c].
Culture of HSC-T6 hepatic stellate cells:
An immortalized rat hepatic stellate cell line, HSC-T6, was kindly provided by Prof. SL Freidman (Columbia University, New York). HSC-T6 cells were maintained in DMEM supplemented with 10% heat-inactivated fetal bovine serum, 100 IU/mL penicillin and 100 g/mL streptomycin at 37 o C in a humidified atmosphere of 95% air-5% CO 2 .
Measurements of cell viability and collagen content:
HSC-T6 cells were treated with either vehicle or samples to be tested for 48 h or as indicated. Cell viability was assessed by the 3-(4,5-dimethylthiazol-2-yl)-2.5diphenyltetrazolium bromide (MTT) assay. Collagen content in HSC-T6 cells were measured using a Sircol TM Collagen Assay kit (Biocolor Ltd., UK) according to the manufacturer's protocol. Briefly, HSC-T6 cells were treated with either vehicle or samples to be tested for 48 h. Cells were then washed with PBS and extracted with 0.5M acetic acid. Sircol dye reagent was added to cell extract and shaken gently for 30 min to form a collagen-dye complex. After unbound dye was removed by centrifugation and washing, the collagen-dye complex was dissolved in alkali reagent. The absorbance was measured at 550nm in an ELISA plate reader. 
